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(54) OPTICAL PICKUP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
pickup suitable for miniaturization and capable of 
recording and reproduction to the optical disk or 
recording surface of different corresponding 1 mm 

wavelengths. 

SOLUTION: This optical pickup is provided with a first 
light source for emitting a first light beam having a first 
wavelength, a second light source for emitting a second 
light beam having a second wavelength longer than the 
first wavelength, a condensing lens for converging the 
first and second light beams to the information recording 
surface of a recording medium and a diffraction optical 
element arranged in an optical path from the first and 
second optical sources to the condensing lens. The 

condensing lens converges the diffracted light beam of a first diffraction order of the first light 
beam from the diffraction optical element as information reading light or information recording 
light and converges the diffracted light beam of a second diffraction order lower than the first 
diffraction order of the second light beam from the diffraction optical element as the 
information reading light or the information recording light. 



II 



[gang 



10 

LC: 



LEGAL STATUS 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAXqayulDA413093179Pl.htm 2/15/2006 



Searching PAJ 



Page 2 of 2 



[Date of request for examination] 25.05.2004 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdl.ncipi.go j^^ 2/15/2006 



JP,2001 -093 1.79.A [DETAILED DESCRIPTION] Page 1 of 1 1 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** Sa0WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical pickup which makes possible compatibility 
from the optical disk with which response wavelength differs to DVD and HD-DVD using a laser light 
source of especially different wavelength about the optical system of the optical pickup in the optical 
recording regenerative apparatus which carries out record playback of the information. 
[0002] 

[Description of the Prior Art] There is an optical disk player which reads recording information and can 
do it from optical disks, such as an optical recording medium (digital video disc), for example, DVD 
etc., in the account rec/play student equipment of optical. Although DVD with a capacity of 4.7GB is 
introduced into the commercial scene, the demand of still higher-density package media is strong, and 
the examination is progressing. Short-wavelength-izing of the light source and a raise in NA of an 
objective lens which are used as known well are effective in improvement in recording density. About 
short-wavelength-izing, research of the semiconductor laser of the short wavelength which used the GaN 
substrate as the base shows progress, and utilization has it in near level. The wavelength of the laser 
under development is 405nm, and research of about 15GB of high density DVD (HD-DVD) system 
using this is advanced similarly. 

[0003] Then, although the compatible disk player which reads recording information and can do it from 
DVD and HD-DVD will be called for, a duty of the regeneration system is imposed as naturally DVD 
being reproducible. It becomes a problem that a two-layer disk cannot be read among DVD disks by the 
laser of short wavelength here. Since the reflection factor in the short wave Nagamitsu beam of the 
middle class of a two-layer disk is low, this is produced. Therefore, in order to realize a compatible disk 
player, a HD-DVD system needs to carry the laser which emits light in the light beam (only henceforth 
red) of the red near the wavelength of 650nm in addition to the laser which emits light in the blue light 
beam near the wavelength of 405nm (only henceforth blue). Conventionally, in DVD, substrate 
thickness is 0.6mm and the numerical aperture of 635nm - 655nm and an objective lens of response 
wavelength is about 0.6. In HD-DVD, substrate thickness is 0.6mm and the numerical aperture of 
405nm and an objective lens of response wavelength is about 0.6. 

[0004] However, it is difficult to condense mostly the light both from which wavelength differs with the 
conventional single lens for the chromatic aberration which an objective lens has by non-aberration. For 
this reason, in order to secure the compatibility of DVD and HD-DVD, a certain device is needed. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, although the approach of changing for every 
wavelength using an exclusive objective lens can be considered as the implementation approach of the 
optical pickup for the compatible players of DVD and HD-DVD, since a complicated lens change device 
is required of that of ****, cost increases and an actuator becomes large about two objective lenses, it is 
disadvantageous for a miniaturization. Moreover, although how to combine with an objective lens and a 
collimator lens can be considered as other approaches, since the collimator is fixed to an objective lens, 
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problems, like it is difficult to maintain the engine performance at the time of migration of an objective 
lens occur. 

[0006] Anyway, in order to secure the compatibility of DVD and HD-DVD, when the optical system of 
the prism of dedication, a lens, etc. is constituted using two or more light sources, there is an inclination 
for an optical pickup or the optical whole head to become complicated, and to become large-sized. This 
invention is made in view of the above-mentioned technical problem, and is to offer the optical pickup 
which was suitable for the miniaturization in which an account rec/play student is possible to the optical 
disk or recording surface from which response wavelength differs. 
[0007] 

[The means for solving invention] The 1st light source to which the optical pickup of this invention 
carries out outgoing radiation of the 1st light beam which has the 1st wave, The 2nd light source which 
carries out outgoing radiation of the 2nd light beam which has the 2nd wave longer than the 1st wave, 
The condenser lens which makes the information recording surface of a record medium condense said 
1st and 2nd light beams, It is the optical pickup equipped with the diffracted-light study component 
arranged in the optical path from said 1st and 2nd light sources to said condenser lens. Said condenser 
lens About said 1st light beam, the 1st light beam diffracted light of the 1st order of diffraction by said 
diffracted-light study component is condensed as information reading light or an information record 
light. About said 2nd light beam, it is characterized by condensing the 2nd light beam diffracted light of 
the 2nd order of diffraction of a low degree as information reading light or an information record light 
from said 1 st order of diffraction by said diffracted-light study component. 

[0008] In the optical pickup of this invention, said diffraction grating is characterized by having a serrate 
cross section. In the optical pickup of this invention, said diffraction grating is characterized by having a 
stair-like cross section. In the optical pickup of this invention, as for the absolute value of said 1 st order 
of diffraction of said 1st light beam diffracted light, only 1 is larger than the absolute value of said 2nd 
order of diffraction of said 2nd light beam diffracted light, and it is characterized by the absolute value 
of said 2nd order of diffraction of said 2nd light beam diffracted light being one or more. 
[0009] In the optical pickup of this invention, when said 1st light beam diffracted light is the secondary 
diffracted light, or said 2nd light beam diffracted light is the primary diffracted light, when said 1 st light 
beam diffracted light is the 3rd diffracted light, said 2nd light beam diffracted light is characterized by 
being the secondary diffracted light. In the optical pickup of this invention, the depth of said diffraction 
grating is characterized by being within the limits of 1.42**0.2 micrometers or 2.40**0.2 micrometers. 
[0010] In the optical pickup of this invention, the pitch of said diffraction grating is characterized by 
being 20 micrometers or more. In the optical pickup of this invention, it is characterized by for said 1st 
wave being 400nm - 410nm, and said 2nd wave being 630nm - 660nm. In the optical pickup of this 
invention, said diffracted-light study component has a plano-concave lens, and it is characterized by 
forming said diffraction grating in the concave surface of a plano-concave lens. 
[001 1] In the optical pickup of this invention, said diffracted-light study component is a condenser lens 
and really [ said ] fabricated, and it is characterized by forming said diffraction grating in the light 
source side front face of said condenser lens. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

(Optical pickup) Drawing 1 shows the outline of the. optical pickup of one gestalt of operation. The 
optical pickup is equipped with semiconductor laser LD1 for HD-DVD to which the 1st wave carries out 
outgoing radiation of 400nm - the 410nm of the blue of the short wavelength near 405nm preferably, 
and semiconductor laser LD2 for DVD which carries out outgoing radiation of the red, the 2nd wave, 
i.e., the long wavelength desirable 630nm - 660nm for DVD near 650nm, longer than the 1st wave. 
Semiconductor laser LD1 and LD2 is changed as the object for HD-DVD, and an object for DVD, and is 
turned on. 

[0013] Furthermore, the optical pickup is equipped with the optical-axis joint prism (color composition 
prism) 10 of the optical-axis joint component for which the optical path of these 1st and 2nd light 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/10/2006 



JP,200.1-093179,A [DETAILED DESCRIPTION] 



Page 3 of 1 1 



i 

beams, i.e., blue, and red is made common. As shown in drawing 1 R> 1, the optical-axis joint prism 10 
of this optical system is designed so that the divergence light beam of semiconductor laser LD1 and LD2 
may be made with a common optical path, and has the function to carry out abbreviation coincidence of 
the optical axis of the laser beam of two wavelength. While the dichroic mirror 1 1 in the optical-axis 
joint prism 10 penetrates the 1st laser beam with a wavelength of 405nm, it is formed with the 
multilayer dielectric thin film so that it may have the property of reflecting the 2nd laser beam with a 
wavelength of 650nm and may have a dependency whenever [ incident angle ]. Moreover, without being 
limited to optical-axis joint prism, the optical-axis joint component which compounds an optical axis 
can be replaced with a dichroic mirror, and can use a diffraction grating, a liquid crystal cholesteric 
layer, etc. using the wavelength difference of an angle of diffraction for an optical-axis joint component. 

[0014] Moreover, the optical pickup equips the lower stream of a river of the optical axis of the optical- 
axis joint prism 10 with the polarization beam splitter 13, the collimator lens 14, the quarter-wave length 
plate 15, and the objective lens unit 16. According to the above optical exposure optical system, the 
laser beam from either [ at least ] 1st semiconductor laser LD1 or 2nd semiconductor laser LD2 Through 
the optical-axis joint prism 10 and a polarization beam splitter 13, it is made a parallel light beam by the 
collimator lens 14, and the quarter- wave length plate 15 is penetrated. With the objective lens unit 16 It 
is condensed towards the optical disk 5 placed near [ the ] the focus, and an optical spot is formed on the 
pit train of the information recording surface of an optical disk 5. 

[0015] In addition to the above optical exposure optical system, the optical pickup has photodetection 
optical system, such as the detection lens 17, further, and the objective lens unit 16, the quarter-wave 
length plate 15, and the polarization beam splitter 13 are used also for photodetection optical system. 
The reflected lights from the optical disk 5 of HD-DVD or DVD are collected in the objective lens unit 
16, and are turned to the condenser lens 17 for detection by the polarization beam splitter 13 through the 
quarter- wave length plate 15. The focusing light condensed with the detection lens 17 forms an optical 
spot near the light-receiving side 20 core of the quadrisection photodetector which has four light- 
receiving sides which two segments which pass astigmatism generating components (not shown), such 
as a cylindrical lens and a multi-lens, for example, intersect perpendicularly come to quadrisect. 
[0016] Moreover, the light -receiving side 20 of a photodetector is connected to the demodulator circuit 
30 and the error detection circuit 31. The error detection circuit 31 is connected to the actuation circuit 
33 which drives the device containing the actuator 26 the tracking control of an objective lens unit, and 
for focal control. A quadrisection photodetector supplies the electrical signal according to the optical 
spot image by which image formation was carried out near [ the ] the light-receiving side 20 core to a 
demodulator circuit 30 and the error detection circuit 31. A demodulator circuit 30 generates a record 
signal based on the electrical signal. The error detection circuit 31 generates a focal error signal, a 
tracking error signal, other servo signals, etc. based on the electrical signal, each driving signal is 
supplied to each actuator through the actuation circuit 33 of an actuator, and these carry out servo 
control actuation of the objective lens unit 16 etc. according to each driving signal. 
(Objective lens unit) the objective lens unit of the optical pickup of this invention is shown in drawing 1 
— as — blue laser light source LD1 of the short wavelength for HD-DVD, and the long wave for DVD — 
the two light sources, merit's red laser light source LD2 and **, are used, the light beam from these is 
compounded to one optical path with the optical-axis joint prism 10, and it is made to condense on the 
optical disk recording surface of HD-DVD or DVD with the objective lens unit 16 This objective lens 
unit 16 is the assembly of the compound objective lens which combined diffracted-light study 
component 16b (DOE: diffractive opticalelement) which has diffraction gratings, such as a Fresnel lens 
which consists of two or more irregularity, or a hologram lens, on condenser lens (criteria lens) 16a 
which condenses a light beam to a recording surface, and the plate of translucency, as shown in drawing 
1 . Condenser lens 16a and diffracted-light study component 16b are arranged by holder 16c on the same 
axle at an optical axis, and diffracted-light study component 16b which has a diffraction grating is 
located in the optical path from the light source side 10, i.e., optical-axis joint prism, to condenser lens 
16a. 
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[0017] The aspheric lens with which it is the blue wavelength range of 400nm - 410nm or the red 
wavelength range of 630nm - 660nm, or aberration was amended in the blue wavelength range at least is 
used for condenser lens 16a. Generally, since it normalizes on wavelength and tolerance becomes severe 
in inverse proportion to wavelength, if it compares on the wavelength of red and blue, since the direction 
from which the desirable property in blue wavelength is taken out will become difficult, as for 
aberration, it is desirable to use the aspheric lens with which aberration was especially amended in the 
blue wavelength range. 

[0018] As diffracted-light study component 16b consists of glass, plastics, etc. and the diffraction- 
grating 16e is shown in drawing 2 , it consists of zona orbicularis of the circular sulcus by which was cut 
by two or more concentric circles centering on the optical axis, or the laminating was carried out with 
phot lithography, or a convex. As are shown in drawing 3 , and the cross section shows a blaze 
configuration, i.e., serrate, or drawing 4 , diffraction-grating 16e is formed so that it may become a 
stairway configuration. For example, since diffraction efficiency is higher than others, the diffraction 
grating of a serrate cross section is advantageous. Which approach may be used, although there are an 
approach of applying a photolithography technique, and the approach of carrying out a precision cut 
with a diamond tool etc. as a method of creating a diffraction- grating cross-section configuration and the 
diffraction grating of the multistage story blaze which formed the blaze in false by these, or a blaze 
configuration is made. Or the form is formed in metal mold for this multistage story blaze or the blaze 
configuration, and two or more diffracted-light study components can also be reproduced from a 
transparent material by injection molding or 2P so-called law. 

[0019] Diffracted-light study component 16b consists of 16d of plano-concave lenses, and diffraction- 
grating 1 6e formed in the concave surface of a plano-concave lens, as shown in drawing 3 and drawing 
4 . It is because the effect to which the wavelength dependence property described later improves with a 
concave lens, and is deteriorating with a convex lens reversely arises to the property of condenser lens 
16a which fixed the best image point to use the substrate of diffracted-light study component 16b as a 
concave lens. Moreover, as a diffracted-light study component, it can replace with 16d of plano-concave 
lenses, 16d of light transmission nature plates can be used as a substrate, and diffraction-grating 16e can 
also use the component formed in the front face. 

[0020] When the 1st blue light beam with a wavelength of 405nm penetrates as shown in drawing 5 (A) 
for example, diffraction-grating 16e of diffracted-light study component 16b is formed so that the 
secondary diffracted-light B-2 may be condensed on a HD-DVD disk recording surface through 
condenser lens 16a as information reading light or an information record light. Moreover, 
simultaneously, as shown in drawing 5 (B), when the 2nd light beam of red with a wavelength of 650nm 
penetrates, diffraction-grating 16e is formed so that the primary diffracted light Rl of a low degree may 
be condensed on a DVD disk recording surface through an objective lens as information reading light or 
an information record light from the secondary diffracted light of the 1st light beam diffracted light. 
Since zero-order [ blue ] and the primary diffracted lights B0 and Bl will be in a focus condition in the 
red zero-order diffracted light R0 and a red high order diffracted-light list on a disk recording surface in 
these cases, these diffracted lights hardly influence reading or record. Although the 1st and 2nd light 
beams of the light source, i.e., the wavelength range of the semiconductor laser of red and blue, are 
made into red (630-660nm) and blue (400-4 lOnm) in the above-mentioned example, respectively, it is 
because diffraction efficiency will not change a lot if it is this range. Furthermore, as for the 1st order of 
diffraction of the 1 st light beam diffracted light, only 1 is larger than the 2nd order of diffraction of the 
2nd light beam diffracted light, and, as for the 2nd order of diffraction of the 2nd light beam diffracted 
light, it is desirable that it is one or more. Therefore, when the 3rd diffracted light with a wavelength of 
405nm other than the above-mentioned example whose 2nd light beam diffracted light is the primary 
diffracted light when the 1 st light beam diffracted light is the secondary diffracted light is used for HD- 
DVD at the 1 st light beam diffracted light, diffraction-grating 1 6e of diffracted-light study component 
1 6b may be produced so that the secondary diffracted light may be condensed as the 2nd light beam 
diffracted light with a wavelength of 650nm for DVD. 

[0021] Generally, by the compatible optical pickup, in order to obtain optical reinforcement in one 
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reading light, the diffracted lights other than the zero-order diffracted light are used for the reading light 
of another side using the diffraction grating without zero-order diffracted light, i.e., power, but without 
using the zero-order blue diffracted light with red, using the secondary blue diffracted light, in red, the 
diffraction grating is formed so that the primary diffracted light of a low degree [ one ] may be used 
from the 2nd order. That is, the diffraction grating of this invention is formed so that the respectively 
high rate of the diffracted light may be obtained in the optical-path-length difference to the order of 
diffraction which needs blue wavelength with red. 

[0022] For example, change of the diffraction efficiency of a diffraction grating at the time of producing 
the diffracted-light study component which consists of plastic material of OZ-1000 (Hitachi Chemical) 
as a base material is computed by changing depth d of a diffraction grating to 0-3 micrometers, using a 
pitch P as 1 60-260 micrometers for the diffraction grating of the blaze cross-section configuration 
shown in drawing 3 . Since the pitch is longer than wavelength enough, the diffraction grating in the 
gestalt of operation can apply the scalar theory, and since the depth is wavelength extent, it can treat it as 
the so-called thin film grating. In that case, diffraction-efficiency etam is expressed with the-one number 
of degree types (m is the order of diffraction). 
[0023] 
[Equation 1] 



[0024] Among the formula, in A (x), transparency amplitude distribution and psi (x) show phase 
distribution, and T shows the pitch of a grating. In count, it has standardized as A(x) =1. Moreover, the 
wavelength dependency of aberration improves so that a pitch generally becomes fine about the pitch of 
a diffraction grating, but if a pitch becomes 5 or less times of wavelength, diffraction efficiency will fall 
greatly theoretically. Moreover, the effect by configuration gap becomes large, so that a pitch is fine. So, 
with the gestalt of this operation, a configuration gap of pitch 1 micrometer makes 20 micrometers or 
more a desirable value as a value which corresponds to 5%. 

[0025] Drawing 6 is the result of computing depth [ of a diffraction grating ] d on an axis of abscissa, 
and computing change of the diffraction efficiency of a diffraction grating on an axis of ordinate. "B0" 
in drawing, "Bl", "B-2", and "B3" show the diffraction efficiency of the blue zero-order diffracted light, 
the primary diffracted light, the secondary diffracted light, and the 3rd diffracted light, and "R0", "Rl", 
and "R2" show the diffraction efficiency of the red zero-order diffracted light, the primary diffracted 
light, and the secondary diffracted light, respectively. 

[0026] As for the blaze-ized diffraction grating, diffraction efficiency takes [ the phase depth ] 
maximum with the period of every one wave lambda of light so that clearly from drawing 6 . The phase 
depth of a diffraction grating is expressed with these products d (n-1), when d is made into the depth of a 
actual diffraction grating and it makes n the refractive index of a diffracted-light study component base 
material. Since it is rate nR=of isometropia 1.498, if it calculates to the wavelength of lambda= 650nm 
by refractive-index nB=1.531 of a base material ingredient after this to the wavelength of lambda= 
405nm, the depth of the diffraction grating from which phase contrast is set to one wave lambda by 
405nm will be 0.763 micrometers, and the diffraction efficiency of the blue primary diffracted light will 
become max in this depth, the blue secondary diffracted light — the twice — 1.526 micrometers of red 
primary diffracted lights serve as max by 1.305 micrometers similarly. 

[0027] It turns out that the depth of the diffraction grating from which the high rate of the diffracted 
light is obtained from these things on any blue wavelength with red is the intersection of Rl and B-2, 
and the intersection of R2 and B3. That is, near 1.42 micrometer used by secondary diffracted-light B-2 
of the blue of the 1st wave and the primary diffracted light Rl of the red of the 2nd wave and near 2.4 
micrometer which are used by the 3rd blue diffracted light B3 and the red secondary diffracted light R2 
are the depth of the diffraction grating from which the rate of the high diffracted light is obtained. Since 
it will become about about ten% of effectiveness reduction if 0.2 micrometers of depth of a diffraction 
grating shift, in order to secure more than this, it is desirable that the depth of the diffraction grating 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/10/2006 




JP,2001-093179,A [DETAILED DESCRIPTION] 



Page 6 of 1 1 



from which the rate of the high diffracted light is obtained considers as within the limits of 1 .42**0.2 
micrometers or 2.40**0.2 micrometers. 

[0028] Moreover, although the rate of the diffracted light is by no means as low as about 80% also on 
the intersection (the depth of a diffraction grating is 0.965 micrometers) of the primary diffracted light 
Bl of the blue of the 1st light, and the primary diffracted light Rl of the red of the 2nd wave, if a gap 
arises in the depth of a diffraction grating, diffraction efficiency will fall greatly, so that clearly from 
drawing 6 . Although there is little fluctuation of diffraction efficiency if it is an intersection blue and 
near the peak of red diffraction efficiency even if a gap arises in the depth of a diffraction grating since 
the peaks of the diffraction efficiency of the blue secondary diffracted light [ 3rd ] are a depth of 1 .526 
micrometers, and 2.289 micrometers and it is 1.305 micrometers and 2.610 micrometers in red primary 
secondary diffracted light similarly, on the intersection which separates from each peak, it changes 
sharply. 
[0029] 

[Example 1 ] As an optical pickup which has such a function, the diffraction grating as shown in drawing 
5 produced the optical pickup containing the objective lens unit which used the diffracted-light study 
component using the primary diffracted light as another object with the condenser lens to the secondary 
diffracted light and red (650nm) to blue (405nm), and was designed as a symmetry-of-revolution object 
centering on an optical axis. The zona-orbicularis pattern of a diffraction grating, i.e., the zona- 
orbicularis number of a diffraction grating, is five in measuring area. The data of a radius and a pitch are 
as in a table 1 . 
[0030] 



[A table 1] 




*S (mm) 




i 


1.005975 




2 


1.264028 


0.258053 


3 


1.444862 


0.180834 


4 


1.610728 


0.165864 


5 


1.831136 


0.220410 



[0031] As shown in drawing 5 , the diffracted-light study component of the lens of **** has been 
arranged at the light source side of the condenser lens of the aspheric surface, the diffraction grating was 
formed on the concave surface, and each of concave surfaces and diffraction gratings was made into the 
aspheric surface configuration. Therefore, the 1st page and the 2nd page are the plane of incidence and 
the outgoing radiation sides of a diffracted-light study component, and the 3rd page and the 4th page are 
the plane of incidence and the outgoing radiation sides of a condenser lens. Each aspheric surface Z is 
expressed with the-two number of degree types. 
[0032] 
[Equation 2] 



[0033] (However, the amount of Z:SAG, R:radius of curvature, Kxonstant of the cone, the radius from 
noptical axis, ASi: Aspheric surface multiplier) 

Phase function phi (r) is expressed with the-three number of **** types. 

[0034] 

[Equation 3] 
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[0035] (However, the dor:order of diffraction, lambdaO: wavelength, the radius from r:optical axis, DF1 
DF5: Multiplier) 

The data of each aspheric lens by which design automation was carried out are as in tables 2-4. 
[0036] 





mm* 






mm 




1 

2 


280.370891V 


1.< 
o.: 


300000 
300000 


1.518981 




3 
4 


2.164335 
-16.344600 


1.1 
1.( 


HJ0000 


1.605257 




S 
6 




OA 
0.875 


>00000 
5242 V 


1.621082 


[0037] 
A table 3] 




SIS 


*3t© 


SR48S 




AS2 
AS3 
AS4 
ASS 


-0.001558 
0.000165 
3.9939o-05 
-2.76338-06 


0.002689 
0.000265 
5-0945e-06 
2J945e-08 


0.008334 
-0.001575 
0.000217 
-1 .5435c-05 


R * « « (K) 


-8.1804e+04 


-0.685540 


-34.016419 



[0038] 

A table 41 




mis 


DFO 


-O.0O0200 


DF1 


0.000225 


DF2 


-0.000491 


DF3 


5.5800e-05 


DF4 


8.1529B-06 


DF5 


-5.0O55e-O7 



[0039] Change of the wave aberration to HD-DVD (optical disk thickness of 0.6mm, light source 
wavelength of lambda= 405**5nm) of the objective lens unit obtained by drawing 7 is shown. The 
wavelength dependency which took wavelength along the axis of abscissa and took the amount of wave 
aberration on an optical axis (rms (lambda)) along the axis of ordinate in drawing is shown. The wave 
aberration of an objective lens unit is stopped below at MARESHARU marginal 0.071ambda so that it 
may illustrate. 

[0040] Drawin g 8 is the graph with which the field angle was taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 405nm. The wave aberration 
of an objective lens unit is stopped to about 0.8 field angles below at MARESHARU marginal 
0.071ambda so that it may illustrate. Change of the wave aberration to DVD (optical disk thickness of 
0.6mm, light source wavelength of lambda= 650**10nm) of the objective lens unit obtained by drawing 
9 R> 9 is shown. The wavelength dependency which took wavelength along the axis of abscissa and 
took the amount of wave aberration on an optical axis (rms (lambda)) along the axis of ordinate in 
drawing is shown. The wave aberration of an objective lens unit is stopped very low below at 
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MARESHARU marginal 0.071ambda so that it may illustrate. 

[0041] Drawing 10 is the graph with which the field angle was taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 650nm. The wave aberration 
of an objective lens unit is less than one field angle, and is stopped below at MARESHARU marginal 
0.071ambda so that it may illustrate. In addition, drawing 1 1 was what graph-ized change of the amount 
of wave aberration about the primary diffracted light [ secondary ] of each wavelength of drawing 7 and 
drawing 9 , took the wavelength to 400nm - 700nm along the axis of abscissa, and took wave aberration 
along the axis of ordinate. In addition, drawing 7 to drawing 1 1 calculated the amount of wave 
aberration of a there by having asked for the best image point location to each wavelength, and 
evaluated wave aberration (the so-called best image point location adjustable). 
[0042] Furthermore, for the comparison, the wavelength dependency property of the objective lens 
simple substance only for blue was measured, and it compared with the thing of the above-mentioned 
example. The result is shown in drawing 12 . A shows the wavelength of the secondary diffracted light 
of the blue of this example, and the relation of aberration among a graph, and B shows the wavelength in 
the single objective lens for blue of the example of a comparison, and the relation of aberration. It turns 
out that the wavelength range where the way in the case of this example is more nearly usable than the 
case where the exclusive lens of a simple substance is used is wide. This is because the concave lens 
(plano-concave lens) is used as a diffracted-light study component, and, thereby, the wavelength 
dependence property is improved from the objective lens only for blue of a simple substance. In 
addition, drawing 12 asked for the best image point location in one wavelength, it calculated the amount 
of wave aberration in other wavelength by having fixed to the location, and evaluated wave aberration 
(the so-called best image point location immobilization). With wavelength, since the best image point 
location which becomes the min of wave aberration changes, it has been the conditions that the best 
image point location immobilization of drawing 12 is surely severer from the best image point location 
adjustable case of drawing 7 and drawing 1 1 R> 1 . 
[0043] 

[Example 2] Furthermore, the diffraction grating shown in drawing 13 (A) and (B) produced the optical 
pickup containing the objective lens unit which used diffracted-light study component 16b using the 
secondary diffracted light R2 as another object with condenser lens 16a to the 3rd diffracted light B3 
and red (650nm) to blue (405nm), and was designed as a symmetry-of-revolution object centering on an 
optical axis as an optical pickup of an example 2. The zona-orbicularis pattern of a diffraction grating is 
the same as that of an example 1 . 

[0044] The data of each aspheric lens manufactured by carrying out design automation are as in tables 5- 
7. 

[0045] 











a** 


aft**?** 


1 
2 


-596.869760 V 


1.000000 
0.300000 


1.518981 




3 
4 


2.161390 
-17.079390 


1.798000 
1.000000 


1 .605257 




5 
6 




0.600000 
0.876211 V 


1 621082 



[0046] 
[A table 6] 
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*1H 


»2ffi 






AS2 
AS3 
AS4 
ASS 


_T| /V*I1 OQ1 

-9.5306e-05 
4.80870-06 


-U.WU/38 

-d rww? 1 1 

VJ.UvUt 1 1 

-0.000123 
2.9546e-06 


O.OOBrov 

0.000760 
-6.4927e-05 


n it a ft (k) 


-1.2380©405 


-0.418560 


17.362981 



[0047] 







OR) 


-0.000200 


DF1 


0.000289 


DF2 


-0.000203 


DF3 


3.7316o-05 


DF4 


-1.6262e-05 


DF6 


7.8578e-07 



[0048] Change of the wave aberration by the 3rd diffracted light to HD-DVD (optical disk thickness of 
0.6mm, light source wavelength of lambda= 405**5nm) of the objective lens unit obtained by drawin g 
14 is shown. The wavelength dependency which took wavelength along the axis of abscissa and took the 
amount of wave aberration on an optical axis (rms (lambda)) along the axis of ordinate in drawing is 
shown. The wave aberration of an objective lens unit is stopped below at MARESHARU marginal 
0.071ambda so that it may illustrate. 

[0049] Drawing 15 is the graph with which the field angle was taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 405nm. The wave aberration 
of an objective lens unit is stopped to about 0.8 field angles below at MARESHARU marginal 
0.071ambda so that it may illustrate. Change of the wave aberration by the secondary diffracted light to 
DVD (optical disk thickness of 0.6mm 5 light source wavelength of lambda= 650**10nm) of the 
obtained objective lens unit is shown in drawing 1616 . The wavelength dependency which took 
wavelength along the axis of abscissa and took the amount of wave aberration on an optical axis (rms 
(lambda)) along the axis of ordinate in drawing is shown. The wave aberration of an objective lens unit 
is stopped below at MARESHARU marginal 0.071ambda so that it may illustrate. 
[0050] Drawing 17 is the graph with which the field angle was taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 650nm. The wave aberration 
of an objective lens unit is less than one field angle, and is stopped below at MARESHARU marginal 
0.071ambda so that it may illustrate. 
[0051] 

[Example 3] Furthermore, the diffraction grating shown in drawing 18 (A) and (B) produced the optical 
pickup containing the objective lens unit 16 which made one the diffracted-light study component and 
condenser lens using the primary diffracted light Rl to secondary diffracted-light B-2 and red (650nm) 
to blue (405nm), and was designed as a symmetry-of-revolution object centering on an optical axis as an 
optical pickup of an example 3. The zona-orbicularis pattern of a diffraction grating is the same as that 
of an example 1 . 

[0052] As shown in drawing 18 , the diffraction grating was formed on the plane of incidence by the 
side of the light source of the condenser lens of the aspheric surface, and each of diffraction gratings and 
outgoing radiation sides of a condenser lens was made into the aspheric surface configuration. 
Therefore, the 1st page and the 2nd page are really the diffraction gratings and outgoing radiation sides 
of a condenser lens. The data of each aspheric lens manufactured by carrying out design automation are 
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as in tables 8-10. 
[0053] 
A table 8] 















1 

2 


2.512042 V 
138.437197 V 


1.798000 
1.000000 


1 605257 




3 
4 




0.600000 
0.801258 V 


1.621082 


[0054] 
A table 9] 














AS2 
AS3 
AS4 
AS5 


-8.7996e-05 
0.00O417 
2.3084e-05 
1.8366e-06 


-0.007221 
-0.001463 
-0.000487 
5.7676e-05 


R it ff ft (K) 


-0.441017 


-2.4545e^04 



[0055] 

A table 101 






DF1 


-0.016154 


DF2 


-0.000703 


DF3 


7.5145e-05 


DF4 


-1.1884»-06 


DF5 


-3.8137o-06 



[0056] Change of the wave aberration to HD-DVD (optical disk thickness of 0.6mm, light source 
wavelength of lambda= 405**5nm) of the objective lens unit obtained by drawing 19 is shown. The 
wavelength dependency which took wavelength along the axis of abscissa and took the amount of wave 
aberration on an optical axis (rms (lambda)) along the axis of ordinate in drawing is shown. The wave 
aberration of an objective lens unit is stopped below at MARESHARU marginal 0.071ambda so that it 
may illustrate. 

[0057] Drawing 20 is the graph with which the field angle was. taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 405nm. The wave aberration 
of an objective lens unit is stopped to about 0.95 field angles below at MARESHARU marginal 
0.071ambda so that it may illustrate. Change of the wave aberration to DVD (optical disk thickness of 
0.6mm, light source wavelength of lambda= 650**10nm) of the objective lens unit obtained by drawing 
21 is shown. The wavelength dependency which took wavelength along the axis of abscissa and took the 
amount of wave aberration on an optical axis (rms (lambda)) along the axis of ordinate in drawing is 
shown. The wave aberration of an objective lens unit is stopped very low below at MARESHARU 
marginal 0.071ambda so that it may illustrate. 

[0058] Drawing 22 is the graph with which the field angle was taken along the axis of abscissa, and it 
took wave aberration along the axis of ordinate on the single wavelength of 650nm. The wave aberration 
of an objective lens unit is stopped to about 0.95 field angles below at MARESHARU marginal 
0.071ambda so that it may illustrate. 
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[0059] 

[Effect of the Invention] According to this invention, the objective lens in an optical pickup as a 
compound objective lens which consists of a condenser lens and a diffracted-light study component a 
diffracted-light study component When the 1st light beam penetrates a diffracted-light study component, 
the 1st light beam diffracted light of the 1st order of diffraction is condensed through a condenser lens as 
information reading light or an information record light and the 2nd light beam penetrates a diffracted- 
light study component, Since it has the transmission grating which consists of two or more irregularity 
which condenses the 2nd light beam diffracted light of the 2nd order of diffraction of a low degree 
through a condenser lens as information reading light or an information record light from the 1 st order 
of diffraction of the 1st light beam diffracted light The miniaturization optical pickup in which an 
account rec/play student is possible can be obtained to the optical disk or recording surface from which 
response wavelength differs, thus, the thing for which the diffraction grating of direct or another object 
is formed in an objective lens — following ability — there is effectiveness [ like ]. An objective lens and 
a diffracted-light study component lens can be supported with the same electrode holder, it can 
miniaturize, and a problem does not occur to migration of a lens. The configuration of another object is 
also an operation of extent which amends high order aberration to both the wavelength of red and blue 
that location precision is loose, that is, is used since a diffracted-light study component hardly carries 
out a refraction operation, and the far loose manufacture of the mutual physical relationship with an 
objective lens is attained compared with other approaches. When using the lens especially amended in 
blue or the red wavelength range as an objective lens, the design eased far is attained. 
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[Drawing 4] 
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[Drawing 9] 
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[Drawing 10] 



http://vvww4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2/15/2006 



JP,2001-093179,A [DRAWINGS] 

• i 



Page 8 of 20 



w 

O 

o 



3 



0.9 



0.1 - 



0.08 - 



Z 0.07 - 



o 

Q. 
O 



0.06 - 



0.05 - 



0.04 - 



0.03 " 



0.02 - 



O.01 - 




0.00 



1.00 



**[£] 



[Drawing 1 1 ] 



v 



http://www4.ipdl .ncipi .go J p/cgi-bin/tran_web_cgi_ejj e 



2/15/2006 



JP,200 1 -093 1 79, A [DRAWINGS] Page 9 of 20 




0.400 0.700 

[Drawing 12] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/15/2006 



JP,200 1 -093 1 79, A [DRAWINGS] Page 1 0 of 20 




0.395 0.415 

»fi(/i m) 

[Drawing 13] 



http ://www4 . ipdl . nc ipi . go j p/cgi-bin/tran_web_cgi_ej j e 



2/15/2006 



JP,2001-093179,A [DRAWINGS] 



Page 1 1 of 20 



HD-DVD 



(A) 



A =405nm 




B3:3^Jt 



(B) 



A =650nm 




[Drawing 14 ] 



http ://www4 . ipdl . ncipi . go .j p/cgi-bin/tran_web_cgi_ej j e 



2/15/2006 



JP,2001-093179,A [DRAWINGS] 

i 



Page 12 of 20 



0.1 



0.9 - 



i i 



0.08 - 



o 
o 



a 
C 

JO 



CL 

O 



0.07 - 



0.06 - 



0.06 _ 



0.04 - 



0.03 " 



0.02 - 



o.oi ■ 




0.400 



0.410 



[Drawing 15] 
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[Drawing 16] 
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[Drawing 18] 
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